A yellow-pigmented bacterial strain, JM-222 T , isolated from the root tissue of field-grown cotton (Gossypium hirsutum) in Auburn, Alabama, USA, was studied for its taxonomic allocation. Cells of the isolate were rod-shaped and Gram-stainnegative. A BLAST analysis using the EzTaxon database showed that strain JM-222 T shared highest 16S rRNA gene sequence similarity with the type strain of Flavobacterium endophyticum (98.9 %) followed by Flavobacterium qiangtangense (96.7 %). 16S rRNA gene sequence similarities to all other Flavobacterium species were below 95 %. The fatty acid profile of strain JM-222 T consisted of the major fatty acids C 15 : 0 , iso-C 15 : 0 , iso-C 15 : 0 2-OH/C 16 : 1 !7c and iso-C 17 : 0 3-OH. Major compounds in the polar lipid profile were phosphatidylethanolamine and several unidentified lipids. The quinone system consisted predominantly of menaquinone MK-6. The polyamine pattern consisted of the major compound sym-homospermidine and only minor amounts of other polyamines. These data and the differential biochemical and chemotaxonomic properties showed that the isolate JM-222 T represents a novel species of the genus Flavobacterium, for which the name Flavobacterium gossypii sp. nov. is proposed. The type strain is JM-222 T (LMG 28821 T =CCM 8610 T ).
The original genus Flavobacterium, which was first described by Bergey et al. [1] , consists of numerous species, most of which have been proposed in recent years, among them Flavobacterium caeni [2] , Flavobacterium reichenbachii [3] , Flavobacterium chungangense [4] , Flavobacterium cheniae [5] and Flavobacterium aquidurense [6] , to name just a few.
Members of this genus have been isolated from many different sources including fresh and salt water, soil, sediment, sea ice, diseased fish and microbial mats [7] . They stain generally Gram-negative, are non-spore-forming and produce yellow-pigmented colonies often showing gliding motility. Chemotaxonomically they are characterized by a polyamine pattern with the major compound sym-homospermidine, menaquinone MK-6 as the predominant quinone, a polar lipid profile with the major lipids phosphatidylethanolamine, phosphatidylserine and several unidentified lipids [2, 4, [8] [9] [10] [11] , and a fatty acid profile composed of various isoand anteiso-branched components in addition to hydroxylated iso-and anteiso-branched fatty acids.
We report here the results of characterization of a yellowpigmented isolate (JM-222 T ) originating from the root tissue of field-grown cotton grown in Auburn, Alabama, USA.
Cotton root tissue was rinsed free of soil, cut into approximately 2 cm sections and surface-disinfested with 1.05 % sodium hypochlorite for 30 s. Root segments were then rinsed five times with sterile water, and tissue edges were trimmed again with a sterile scalpel and then aseptically subjected to maceration using water and a KLECO tissuepulverizer. The isolate was obtained on nutrient agar at 30 C and further studied and subcultivated on this agar (NA; Oxoid) at 30 C for 48 h. The isolate was subsequently analysed for its 16S rRNA gene sequence, fatty acid methyl ester composition of the whole-cell hydrolysate, polar lipid and polyamine profiles and further phenotypic features in comparison with the most closely related species (Flavobacterium endophyticum and Flavobacterium qiangtangense) on the basis of 16S rRNA gene sequence similarities.
The cultural and morphological characteristics were recorded from cultures grown on NA for 48 h at 30 C. The Gram stain reaction was tested on the basis of a modified method of Gerhardt et al. [12] and the motility test was done under a light microscope on cells grown for 3 days in nutrient broth (Oxoid) at 30 C. The oxidase reaction was done with oxidase reagent (bioM erieux) according to the instructions of the manufacturer. Catalase activity was recorded by observation of gas formation after dropping H 2 O 2 on fresh biomass grown for 48 h on NA. In addition, growth was studied at different temperatures (4, 8, 10, 30, 37, 45 and 50 C) on NA. Tolerance to NaCl was investigated in tryptic soy broth (TSB; Oxoid) supplemented with 0.5-8.0 % (w/v) NaCl and pH tolerance was tested in TSB adjusted to pH 4.5-11.0 (increasing in 0.5 pH units between pH 4.5 and 9.0 and 1.0 pH units from pH 9.0 to 11.0) by the addition of HCl or NaOH. The pH values were stabilized by the addition of 5 mM autoclaved potassium phosphate buffer (pH 4.5-7.5), 5 mM autoclaved Tris-HCl buffer (pH 8-10) and 5 mM CAPS buffer (for pH 11) adjusted to the same pH values.
Isolate JM-222
T showed a Gram-negative staining behaviour and formed visible (diameter about 2 mm) yellow colonies within 48 h at 30 C. The colonies were translucent, glistening and showed entire edges. A bright yellow pigment of the flexirubin type (KOH method according to Reichenbach [13] ) was produced on NA. Strain JM-222
T was positive for oxidase activity and non-motile, and microscopic examination showed non-spore-forming rods (approx. 1 µm wide and approx. 2 µm long).
The isolate grew well on NA, as well as brain heart infusion agar, R2A agar and tryptic soy agar (TSA), but no growth was observed on MacConkey agar (Oxoid). No growth was observed above 45 C. Growth at 4 and 45 C was very weak. Strain JM-222 T grew in TSB at 28 C in the presence of 1 and 2 % (w/v) NaCl but not 3 %, and in TSB adjusted to pH 6.5-10.5 but not pH 5.5 or pH 11.5.
Detailed physiological characterization and biochemical tests were performed to assess the carbon source utilization pattern, acid formation from different sugars and/or sugarrelated compounds, and hydrolysis of chromogenic substrates as described by K€ ampfer et al. [14] . In addition, other biochemical tests were performed, such as production of hydrogen sulphide, indole reaction with Ehrlich's and Kovacs' reagents, and activity of arginine dihydrolase, lysine decarboxylase, ornithine decarboxylase, b-galactosidase (ONPG) and urease on Christensen's urea agar (performed with the Micronaut E kit, [15] ). In addition, hydrolysis of casein, gelatin (plate method), starch and tyrosine was tested with the API 20NE kit or as described in [16] . Isolate JM-222 T utilized only a few carbon sources, among them Dglucose, maltose and D-mannose, similar to all Flavobacterium species, and was able to produce acid from D-glucose and maltose. The isolate was also able to hydrolyse many chromogenic substrates. The biochemical/physiological data are given in Table 1 and in the species description.
The nearly full-length 16S rRNA gene of strain JM-222 T was amplified and sequenced using universal primers 8F and 1492R [17] . After manual sequence correction, the sequence had a final length of 1423 nt, spanning gene termini 17-1471 (according to the Escherichia coli numbering; [18] ). A BLAST analysis in EzTaxon (http://www.ezbiocloud. net/eztaxon; [19] ) was used to determine the level of 16S rRNA gene sequence similarity to the closest related type strains. Based on the database search, strain JM-222 T shared 98.9 % 16S rRNA gene sequence similarity with F. endophyticum 522 T (KJ873109), 96.7 % with F. qiangtangense F3 T (KF726983) and less than 95 % with all other type strains. Phylogenetic trees including all Flavobacterium type strains were reconstructed with the ARB software package release 5.2 [20] and the 'All-Species Living Tree' Project (LTP; [21] ) database release LTPs123 (September 2015). Sequences not included in the database were added after download of aligned sequences from the SSU database version SSU 128 or alignment with SINA version 1.2.11 [22] . All type strain sequences of Flavobacterium species were included in the phylogenetic analysis. The respective alignment was checked manually before trees were reconstructed. The secondary structure information of the 16S rRNA gene was thereby considered. A maximum-likelihood tree was generated with RAxML v7.04 [23] using GTR-GAMMA and rapid bootstrap analysis (100 re-samplings) and a maximum-parsimony tree using DNAPARS v3.6 [24] . The analyses were based on 16S rRNA gene sequence positions 96-1400 (according to Brosius et al. [18] ) and on 100 replications (bootstrap analysis; [25] ). All sequences that did not cluster directly or close to strain JM-222 T were removed from the final phylogenetic tree without changing the overall tree topology.
The maximum-likelihood and maximum-parsimony trees showed a clear placement of strain JM-222 T within the genus Flavobacterium, forming a distinct cluster (supported by high bootstrap values) with the type strains of F. endophyticum and T . Data for taxa 1 and 2 are from this study. The data for taxon 2 were identical to those previously reported [33] . Data for taxon 3 are from Huang et al. [34] obtained under exactly the same conditions. Data for taxon 4 are from Sheu et al. [40] obtained under exactly the same conditions. All four strains assimilated glucose and mannose and grew in a pH range of 6-8. All four strains hydrolysed gelatin. +, Positive; (+), weakly positive; À, negative. 
F. qiangtangense. A distinct clustering with further Flavobacterium type strains was not observed (Fig. 1) .
DNA-DNA hybridization (DDH) experiments were performed with strain JM-222 T and F. endophyticum DSM 29537
T . High-molecular-weight DNA was extracted as described by Pitcher et al. [26] and DDH was performed according to Ziemke et al. [27] . The obtained DDH value was high, 64.3 %, but below the proposed species cut-off value of 70 % [28] . One of the single hybridization values was in fact higher than 70 %. Hybridization with the type strain of the next most closely related F. qiangtangense was not performed, because the 16S rRNA gene sequence similarity was <97.0 %. This level of sequence similarity is below the value for which the maximum probability of error is 0.01 % [29] .
For further comparative, phylogenetic analysis, partial sequences of two protein-coding genes, the elongation factor Tu gene (tuf) and the gene coding for the DNA gyrase B subunit (gyrB), were sequenced for strain JM-222 T and F. endophyticum DSM 29537 T according to Ashrafi et al. [30] . Respective nucleotide sequences were deposited under GenBank/EMBL/DDBJ accession numbers KY805847-KY805850. Sequence similarities of partial nucleotide sequences were 99.5 % for tuf and only 97.8 % for gyrB. The gryB gene sequence similarity value was clearly lower than the intra-species similarity values determined by Ashrafi et al. [30] . This supports the phylogenetic distinction between the two strains.
The genomic G+C content was determined as described previously [31] using the melting temperature method established by Gonzalez and Saiz-Jimenez [32] . The obtained genomic G+C content of strain JM-222 T was 38.2 mol%. The G+C content previously determined for F. endophyticum was slightly lower (37.7 mol%; [33] ).
The analysis of cellular fatty acid profiles was performed as described [8] after growth of the strain on TSA for 48 h at T among most closely related Flavobacterium species. The tree was calculated in ARB using RAxML with GTR-GAMMA, rapid bootstrap analysis and 100 replications. The analyses included all Flavobacterium type strains and nucleotide sequences between gene termini 96 and 1400 (E. coli numbering; [18] ). Bootstrap values above 70 % are shown at branch nodes. Two Capnocytophaga type strains were used as outgroups. Filled circles indicate nodes that were also present in the maximum-parsimony tree. Larger filled circles indicate that a node in the maximum-parsimony tree was also supported by a high bootstrap value. The phylogenetic tree shown represents only a subset of the Flavobacteria species which clustered directly with strain JM-222
T . All other sequences were removed manually from the tree without changing the overall tree topology. Bar, 0.1 nucleotide substitutions per site.
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C using an HP 6890 gas chromatograph with Sherlock MIDI software version 2.11 and a TSBA peak naming table version 4.1. This revealed the following most abundant fatty acids: C 15 : 0 , iso-C 15 : 0 , iso-C 17 : 0 3-OH, iso-C 17 : 1 !9c and iso-C 15 : 0 2-OH detected as summed feature 3 (iso-C 15 : 0 2-OH/C 16 : 1 !7c). In comparison with the fatty acid profile of F. qiangtangense [34] , several differences could be seen (Table 2) .
Biomass used to extract and analyse quinones, polar lipids and polyamines was grown on 3.3Â PYE (1.0 % peptone from casein, 1.0 % yeast extract, pH 7.2). For analysis of quinones and polar lipids, biomass was harvested at the stationary growth phase whereas polyamines were extracted from biomass harvested at the late exponential growth phase as recommended by Busse and Auling [9] . Quinones and polar lipids were extracted and analysed applying the integrated procedure reported by Tindall [35, 36] and Altenburger et al. [37] . Polyamines were extracted as reported by Busse and Auling [9] and analysed according to the conditions reported by Busse et al. [38] . HPLC analyses were carried out using the equipment reported by Stolz et al. [39] .
The polar lipid profile contained the major lipids phosphatidylethanolamine, three unidentified aminolipids (AL1, AL2, AL3) and three polar lipids (L1, L2, L4) only detectable after staining for total polar lipids. Furthermore, moderate to minor amounts of two polar lipids (L3, L5) and one aminolipid (AL4) were detected (Fig. 2) . This profile contained major characteristics also reported for Flavobacterium cutihirudinis [10] . The quinone system contained predominantly MK-6. The polyamine pattern contained the major compound sym-homospermidine [20.6 µmol (g dry . Data for strains 1 and 2 are from this study. Data for strain 3 are from Gao et al. [33] obtained under exactly the same conditions. Data for taxon 4 are from Sheu et al. [40] obtained after growth on R2A agar. Cells were cultured on TSA for 2 days at 28 C. TR, Trace (fatty acids that account for <0.1 % of the total fatty acids). Taxa 1 and 2 produced in addition minor amounts of fatty acids that could not be identified with the MIDI system (unknown 13.565 and unknown 16.582). 
Fatty
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iso-C , iso-C 17 : 1 !9c and iso-C 17 : 0 3-OH. The quinone system is MK-6. The polar lipid profile contains the major lipids phosphatidylethanolamine, three unidentified aminolipids and three polar lipids only detectable after staining for total polar lipids. Furthermore, moderate to minor amounts of two polar lipids and one aminolipid are present. The polyamine pattern contains the major compound sym-homospermidine and other polyamines (1,3-diaminopropane, putrescein, sym-norspermidine, spermidine and spermine) in very low amounts.
The type strain is JM-222 T (=LMG 28821 T =CCM 8610 T ), isolated from the root tissue of field-grown cotton in Auburn, Alabama, USA. The DNA G+C content of the type strain is 38.2 %.
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